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ABSTRACT

SI'ITLER, DIANE L., W. CARTEil ALEXANDER, C WYCKI JFFE

tlOFFI,ER, DONALD F. DOERR. and PAUl. BUCllANAN flap

toglobin and serum enzymatic response In maximal exercise in

relation to phy_i('al fitness. Med Sri Sp,,tt* Ere, c. V.I 16, No.

I, pp. 36/3-370. 1984. This study investigated the p.tenlial value

ot specific cellular respnn_es to acute and ('hr(mi(' exercise as

indices of physical fitness. Muscle enzymatic and hem.l!.tic re-

ponses followin K a progressive cycle-ergometer text t(* ma,dmal

aerobic capacity were ';tudied in 12 women and 12 men. aged 97

t. 55 yr. who had been previously assigned to "high" and "'h,w"

fitness groups. Venous blood samples were obtained at rest prior

to the cycle test. immediately fi)lh)wing maximal effort, and I. 2,

,I, B and 24 h post exercise. The samples were analyzed for he-

matocrit (Het). hemoglobin (FIB). lactate dehydrogenate (I,Dtl).

serum glutamie oxalacetie transaminase (S(;()T). creatine phos-

phokinase (CK), CK isoenzymes, and haptoglobin (llapt). ttemo-

globin and Hct were the only variables to rise significantly (P<O.f)5)

following exercise, and at all sampling times were significantly

lower in the women compared with the men; CK wax c(m_tituted

in the MM isoenzyme band at all times; and |lapt h,veN were

significantly lower in high-fitness men and women as compared

with low-fitness men and women. These resuh_ indicate that one

progressive test In maximal aerobic rapacity is not suffi('i('nt to

induce significant muscle enzymatic or hem_lytic stre_s responses.

They do suggest, however, that a chronic hemolytic condition

etists a_ a result of aerobic conditioning activity.

AEROBIC CAPACITY, CREATINE KINASE. tlEMOI,YSIS. SEX

Maximal aerobic capacity, as determined by maximal

oxygen uptake, has been universally accepted a_ the pri-

mary indicator ¢)|" cardiovascular fitness; both method-

elegy of testing and interpretation of results have become

standardized As a rest,It, definitive data can be obtained

and used to establish fitness levels, ltowever, maximal

aer.bic capacity describes only a limih,d aspect .f phys-

iological condition and response. The identification of in-

dices of specific cellular resi)onses to acltte and chr(mic

exercise wot.ld provide additional infi_rmation. Muscle

cell and re(t I)lood cell integrity art' two potential vari-

a])lt,,s.._ertllll enzymes are t,sed, for exa,nple, as a measure

of degree of cellular injury in the presence of varim.s

organic lesions. Moreover, serum enzyme activit.v can rise

in many non-specific temporary slates, incl.dint_ physical

exertion (2.3,8.15,23.25). The release of enzwnes fr(.n

skeletal muscles following exercise may occur as a result

_Hbmilled I(,r im}di<'ali(m J,.l>. I!)a3

hf _ *.pt_.d f-r publi(ation Ft.bruars. I (IH!

of re.sole hyP()xia (3.,q). isvh(..,i:, ,. ,,(.(.,(.ds (S). ,)r ()lhvr

conditions that ca,,se a c'ha,,Jze i,, ('('11 ...,,,h,;,._' I""""'

aIr|lily (]9.25). Shapiro et al. (:?.S1 ha_o I._T,-'.'d ,hal

chanties in meml)rane I_ertneabilit!, ()f. or (Int.:_t,.(' to. _..s

tie cells after high-intensity ex('r('i'_(' van h(' ,,fini..iz_,d

by reg,.lar physical training.

A second possilJe index of ('('lh.l:,r ,'e_l_,,.so h)('\('rt'i'.;('

is the haptoglobin (Ilapt) level,whivh _,),,hl r('fh'vt hv,.-

el.sis caused I,v compression (d" the musch'_ d,.int_

rhvth,nic physical activity, l.o_eN of (t_'(" circ.latinK l|apt

decrease as the Ilapt m()h'c.h".; ,'(.,,hint' _ill, free }.'._-

globin to conserve iron. Recto,so the ...a_,,,¢',,wnt .1 f,ee

}lapt in the sermn ha';been .s_'dt'xh,nsi_ch to e_ alua|e

hemolytic activitypo_l tramna and di_cn_e (5,I_). mea

suremenl post exercise may I_,-,)_ide e_idonce _d an acule

hemolytic ('ondili.n.l.ower resting-flapt h'_els might in-

dicate a greah'r de_ree of ph3sical activity.

It was our itttenti.u h) evaluah, whether s('rHm m.scle

enzymes and free-llap| levels prior to and f-lh,wint_ a

bout of maximal l_hysical exertion are r('lah'd lo and .fit_ht.

therefi)re, serve as indices of pl, ysical film'_s.

METIIOI)S

Tweh'e w,,nen attd 12 men. atwd 27 .55 _,-. I)atti(.i

paled in the stu(lv. All s,,b.ie('t'; were seree,wd Iw a ,.ed

teal history review, physical (.xaminati()n. reslin_ t2 h'ad

electrocardiogram (EC(;). co,nigh're I,h,.d ('.,,,_1. hh._d

ehetnistry assays, p,,h,mnary ('llnction t('sl, anti ;1.treadmill

stress test h) vohmtary maximal (,xerti.)n u',;inl_ a v._.di-

fication of the Bruce pr()h)col (1). T},(' st'r('eninK _as ('(in-

ducted 1 to ,I months prit)r h) the start ()fthe study. I:,ach

subject signed a slatement ()f v()hmhu_ itd()rm('d (,..sent

prior to inch,sic, in the st.dv.

The subjects were assigned to high fitness (ah.ve the

age-specific mean fitness level) (tr h)w..filnessgr()ups (he-

low the a_e-specific moan (]In(";'; h'_vl/ on the hasi_ (d"

their scrt'enint_ treadmill test,_ I})r,,:_dmal avv.l)i(' ca-

pacity (1). Six s.lqe('Is were iu (,:.h _'x_fil),('s_ t.'r))).lt.

The s.bje('t.J Phy.;i(,al ,uharact,t.rb:ti,".:. :lll,] h,.ad.,ill data

are .;.mmariz_'d in Tal,h, 1. "1"he ,.,'. _.,_.q_ar_'d xs ith I}u'



RESPONSE TO MAXIMAl EXERCISE

TABLE1. Physicalcharacteristicsof subjectsandtreadmilldata.

Abovemoanfitness
Women Men
(N=6) (N=6)

Height(era) 161.1 _+ 294 1747 ± 3.02
Weight(kit) 56.8 _+ 1.47 66.4 _+ 1.80
Age(yr) 31.0 +_ 2,94 40,0 _+ 314
FIRPre-exercise(beat.man') 74,5 _ 351 640 +_ 4,98
Vo:(I.min-q) 2.4 -t el0 34 _+ 011
VO_(ml.min-'.kg-') 41.9 +_ 229 51.4 _+ 2.37
Vt (l.min ') 944 + 588 ]24.2 +_ 2.45
HR,,, (beat.rain-_) 190.2 +_ 3.88 ]83.5 _ 6.29

Valuesaremeans_+ standarderrors.
*P<0 05 Fitness,
te<005 Sex.

Belowmeanfitness
Women Men
(N=6) (N=6)

1635 +_ 298 1762 .+_3.14_
611 _+ 5.51 842 _+ 555"1"
392 + 6.04 423 _+_535
928 _- 743 96,0 + 4,53*

16 _+ 006 28 + 0.27'_"
271 _+ 233 324 + 3.14*f
681 + 510 992 + 13.06'f

1773 _+ 5.92 181.3 _+ 420

TABLE2. Responsesto cycleergometertest.

_'0_(I. min-')
VO_(ml.min-', kg-I)
Vt (I.min ')
HR==(beat.min ')
......................

Valuesare means+_ standarderrors,
*P<0.05 Fitness
fP<O.O5 Sex.

Abovemeanfitness Belowmeanfitness
Women Men Women Men
(N=6) (N=6) (N=6) (N-6)

2.2 + 0.13 3.3 ± 0.16 16 +_ 009 2.7 _+_0.29't
39.4 +_ 335 494 + 3.18 227 _+ 278 32.4 _+ 4.20'f
87.5 _+.678 129.4 + 10.57 745 _+ 555 901 _+ 10.00*f

186.3 +_ 3.47 ]75.0 _+ 4.65 167.5 _+_1073 ]77.5 _+ 5.06

women were significantly (P<0.05) talh,r and heavier and

had greater oxygen uptake (Vo2,.,.) and ventilation ('(rl%,,_)

values. High-fitness subjects compared with the low-fit-

ness group weighed less and had lower resting heart rates.

Maximal heart rates did not differentiate m+ the basis of

sex or fitness level.

Test subjects refrained from physical exercise the (lay

prior to the test and reported to the lalmrah_rv fi_lh)wing

an overnight fast. While the subject was seated at rest (5

man), a venous blood sample was taken frmn the ante-

cul)ital vein. The tourniquet was released immediately

after venipuncture and 35 ml of blood was obtained by

using yam.urn tubes. The sample was anahzed fi_r he-

matoerit (Hell (121, hernoglolfin (Hb) (121, lactate de-

hydrogenase (LDIt) (29), serum ghltami(' oxalaeetic

transaminase (SGOT) (! 2), creatine phosphokinase (CK)

(29), CK isoenzymes (6), and Ilapl (71. Enzymes were

analyzed on a duPont ACA llI. Within- and between-day

eoeflqcients of variation for LDtt were 1.8 aml 2.1, re-

spectively; 1.2 and 3.2 for CK; and 2.1 and 2.1 for S(;OT.

The subjects then consumed a meal-substitute har and

fruit juice. After resting ! h, the m.l)jects were weighed

and physiological sensors were attached.

The progressive cycle-ergometer lesl 1o self-deter-

mined maximal aerobic capacity eonsi_h'(] of 5 man _)f

seated rest, followed by a 3-man warm-up at _';_ rpm, _.5

W, and 2-man se<luenlial test intervals r_f :2_ Wincr+'

meats. The EC(; (Frank h'ad system) was mnuih_re(! ('ml-

tinuously and recorded fi)r 5 s of each minute. Bhmd

pressure was monitore(! usinl_ an aut(mmtieallv inflatr'd

cuff with micropl,me and was re('()rded al rest, during

warm-up, and at 70% maximal heart rate (]lRmu), as (le-

termined from lhe ptevir)u_ tr('admill stress lest. Expired

air wax eolh,('h'(1 and analyzed fi)r volume, oxygen ('+)n-

tent, and carbrm dioxide ('onlent utilizing a Be('kmatl

Medical Metalu)lic (',art. Ventilation, oxygen uptake, res-

pirat()ry rate, and respirah)ry (lu<_tient were recorded each

minule, lmm(.diatelv fidlmvin_ maximal eff(_rl, a seemld

venolls blrmd _amph' was taken. Additirmal saruples were

obtained 1, 2, 1, _q, and :21 h ImSt exercise and were

analvTed in lhe san," manner as reslin_ vmq)h's. The md_

attempt to e(mtrol rliet after the exer('ise lest was h) ask

the sul)jeels to limit intake of highIfal fimds and h) abstain

frmn drinkin_ ah'olmlie be_era_:es.

Analysis of variance was utilized to at'st Ibr grmq_ dif-

ferences (sex and fitness) in a 2X2 dr.sign using the BMI)P

statisli('al pa('ka_ze (1 I). Pc)sl-exer('ise values of all bhmd

variables were ('mnlmre(t with r_'stinK values by AN()VA

across time. Relatim_,+hips am<m_ the variahh,s were ana-

].v;,ed by ('orrelatim_. Statistical siguifican('e was estab-

lished at Ihe {1.(I._ h.vel.

RESUI,'I'S

Results +_f the. e.v+'h,-erl.,.mnet_'r test art" summari>'ed iu

Tabh' 2. The ,he,, had higher ",'+_+aurl VI¢ values lha. the

w,,,,+,,n an,l, a': ,'xp,.vt+'d, the I,itO_ fit,_,',+', _,_l+i<'+'t_ had

higher {(_= and VI.: than lhe Imv filness subjects.

All meas.re(l l,h.,<i varialdes r(_s(' immediately after

exerr'isr, and _+,e_rr+r,+l quickly t. resting h,vels (Tahh" ,3



MEDI('INE AND S(;IEN('F: IN SPORTS AND EXERCISE

TABLE3. Serumenzymeactivity.

Rest

HIIh-fltnessmen
CK(U.I-') 158.8 +_ 57.5f
LDH(U.I-') 147.5 _+ 16.8
SGOT(U,I-') 31.2 +_ 34
Hb (8-dl-q 14,5 ± 0.31
Hot (%) 42.8 _+ 0.7f

Hlllh-fitnesswomen
CK(U.I-') 97.8 _+ 16.8f
LDH(U.I-q 1218 _+ 12.1
SGOT(U.I ') 263 ± 2.8
Hb(8.11-') 13.2 -+ 0.4f
Hot(%) 383 _+ 0.9f

Low-fitnessmen
CK(U.I-') 139.3 ± 28.4f
LDH(U.i ') 155.7 _+ 7.2
SGOT(U.t q 32.7 _+ 32
Hb(ll.dl-') 14.7 ± 0.41
Hct(%) 43.8 _+ 0.9t

Low-fitnesswomen
CK(U.I-') 94.8 ± 27.5t
LDH(U.I _) 148.8 _+ 8.9
SGOT(U.I-q 29.7 ± 3.3
Hb(ll.dl-') 135 -+ 0.4f
Hct(%) 40,7 + 1.3f

Valuesare means± standarderrors,
t P<OO5 sex.

1 min 1 hr 2 hr

PostExercise

4 hr 6 hr 24 hr

182.7 ± 621 1635 ± 55] 164,3 _+ 53.6
174.8 ± 23,3 146.0 _+ 13.8 149.5 ± 168
38.7 ± 4.] 325 _+ 2.4 33.0 ± 2.9
16.2 ± 03t 14.3 _+ 0.2]. 14.2 + 0.3].
46.8 _+ 08]. 42.0 _+ 0.7]. 42.0 ±_ 0.7].

117.0 +_ 21.3 102.3 ± 174 1010 _+.166
1520 ± 16,8 1397 ± 18.1 1343 ± 14,2
327 ± 23 30.7 ± 2.4 268 _+ II
14.9 ± 04t 131 _+ 0.3]. 128 ± 03].
43,2 +_ 1.0]. 37.8 ± l.I]. 373 ± lOt

159.0 ± 32.3 1403 +_ 26,5 1468 + 24.6
172.5 _+ 12.2 146.7 ± 82 1593 ± 65
36.0 _+ 2.9 31.3 ± 3.3 33 3 ± 3.7
165 ± 0.5f 14.7 _+ 0.4f 148 + 05f
47.8 ± 0.9t" 43.0 _+ 1.0]. 43.2 ± I.O].

105.8 ± 29.9 99.8 _+ 28,8 1000 ± 28.2
165.8 ± 11,8 149.8 _+ 10.4 160.0 ± 17.5
33.2 ± 4.4 30.8 ± 3.5 310 ± 3.5
15.0 ± 0St 13.6 ± 0.4f 133 + 04f
44.5 ± 1.3f 40.7 _+ l.lf 398 ± 1.1].

1648 + 522 173.7 + 510 135.3 ± 26,5
1508 _+ I11 146.3 + 13.3 1313 ± 12,6
32.3 ± 2.5 320 ± 34 29.5 _+ 2.4
140 ± 03]. 142 ± 02]. 14.1 _+ 0.3].
41.3 ± 06t 41.5 ± 07f 417 _+ 0,3f

102.3 +_ 173 103.3 ± 16.3 85.0 ± 9A
1318 +_ 149 1313 * 14.0 1185 ± 13.1
275 +_ 2.4 272 ÷ 2,4 25.5 ± 2.5
129 • 03f 129 + 02t 128 ± 0.3f
373 + ]0t 370 + 0.9]. 37.8 ± 1.1t"

1542 + 233 1665 * 22.7 1425 ± 179
1535 _: 61 1568 ± 66 1543 ± 8.2
3].8 ± 23 343 ± 2,7 3],7 _+ 2,4
]4.7 ± 04]. 146 +_ 0,4]. 14.6 _+ 0,5]"
42,5 ± 0.9]. 42.3 ± l,O]. 42,8 ± 1,1].

104.5 + 279 106.2 ± 289 100.7 ± 30.6
154.0 ± lot 151.7 ± 11.3 142.8 ± 11.2
313 ± 4.2 313 + 4.3 32.8 ± 4.0
132 -+ 05f 131 __ 041- 13.0 ± 0.4f
39.5 ± ].4f 39.0 ± 1,2f 39.2 ± 1.3].

and Figure 1); however, neither the serum enzyme levels

nor Hapt vahles were significantly changed within indi-

viduals at any time as a resuh of the maximal ergometer

exercise test.

At all sampling times, Hct and Hb levels were signifi-

cantly lower in the women as compared with the men

(Table 3). No differences on the basis of fitness were

found. Changes in plasma volume to denote tile effects

of exercise-induced dehydration were calculated from Hb

anti Hct by the method of Dill and Costill (10). High-

fitness women exhibited the largest decrease in plasma

vohlme immediately post exercise (18.5%), with low-fit-

ness men (17.3%), high-fitness men (16.8_), and It)w-

fitness women (15.9%) following, [|ematocrit levels in-

creased signiGcantly by 10%, and Hb by 12% immedi-

ately post exercise.

Haptoglobin levels were significantly higher in low-

fitness ulen (225.0 rag. dl-_) anti women (22().8 rag. dl-i)

than in the high-fitness men (145.8 rng.dI-D and women

(185.7 lng.d] -I) at rest and following exercise (Fie:ure I).

Serum []apt levels increased 9.8% immediately fi_llowing

exercise and returned to baseline values within ! h post-

exercise.

Total CK levels were within the normal range for the

assay in all groups at rest and remained constituted en-

tirely in the MM isoenzyme band. Tile women had sig-

nificantly lower resting CK levels than men: however,

there were no other enzymatic differences between the

sex groups, and no differences between fitness grrmp_ fi_r

LDIt. SGOT. or CK levels at any sampling timP (Table

3).
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Figure l--Changes in se,',,m haploglohin levels in high-fitness and low.

filnes_ groups fi)lh, wi,,g cycle ergnmelcr _lress test Io maximal aerobic

capacity.

Tile correlations among the varial)h,s are presented in

Table 4. Resting levels ()f Ilapt demonstrated tile greatest

correlations with maximal oxygen uptake at -0.61 and

were greater fi)r the men (r=-0.76) than the women

(r= -0.37).

I)ISCUSSION

In thi_ inve_tit,,ati(m we c_al,tated ser,m levels of se-

]ech.d enzvm_,s a,,t free Tlapt prim" to anti ft_llo_ving a



RESPONSE TO MAXIMAL EXERCISE

TABLE 4. Oxygen uptake correlation to resting enzyme variables,

_0... CK LDH $GOT

CK 0.47'
LDH -0.03 0,55
SGOT 0 08 0.39 047
Hapt -0.61' -0.33 -0.16 -0.24

*P<O.05

progressive maximal exercise test iv) high-fitness and h)w-

fitness subjects to determine whether an am,re bout of

exercise or a chronic elevation of physical activity mittht
elicit alterations in these hh)od constitnents.

Maximal exertion. Exercise-induced hem,lvsis has been

described aher marching (28), running (I 1,27), and ex-

tensive physical activity of other fl)rms (13,17,21). The

mechanisms proposed fi)r such hemolysis are mechanical

intravascular destruction of the red bhmd cells (9) and/

or renal vasoconstriction (!1). Davidson (0) suggested

that any increase in mechanical trauma would exaggerate

this physiological process of red blood cell destruc'tion,

implying that the degree nf hemolysis wnuhl he propor-

tional to the amount of tramna snstained. For examl_le,

running might inflict greater trauma than cycling and
therefore would result in more hemolysis.

When a hemolytic state o(.curs, some of the hemolysis

occnrs intravascularly (5) _vhi(,h res.lls in an (.h.vatiml of

free-HI). This lib cmnhincs with llapt to form a comph'x

molecule which is removed frmn the ('irc.lation, thus

conserving iron (5,2 It. Circulating free-llapt levels,
therefore, also drop. If the hemolysis ('ontiuues and/nr

exceeds the Hb-llapt binding capacity, the rcahsm-hing

capacity of the tubules of the kidney(16) aid in llb con-

servation before an}, excess lib appears in the nrine.

Hemogh)binuria has been the focus of much study of ex-

ercise-indueed hemolysis (1,1,2B-28). However, there

may be varying degrees of exercise-indt,ced hemolysis

before the Hb-ttapt binding capacity is exceeded. There-

fore, we measured circulating sernm ltapl levels fidlow-

ing maximal exercise to determine whether thev might

be indicators of the small differences in hemolytic activity

that cot, ld be expected after strenuous exercise among

persons with differing aerobic capacity. We (lit| not find

such a gradation of response in this study. Altlmngh a

slight increase in serum concentration ,f Hapt was evi-

dent post exercise in all grm,ps (Figure 11, this can he

fldly explained by the exercise-induced hemocmwentra-

tion as evidenced by calculated decreases in plasma vol-

ume of 15.9 to 18.5%. The lack of differences in 11apl

response between the men and wnnmn or between fitness

levels indicates that one l)rieflmut nfprngressive physical

activity to individual maximal intensity does n_t produce

sufficient trauma to differentiate states of hem,lvsis.

While various levels of physi('al exercise als. Ila_ _' been

doc.mented to cause a release _f serum en_vnc_ ((TK.

LDtt, SGOT) it is yet a contr.versial phen,,mevmn

(2,15,25). A critical fa('t,_r in this ('ill,ix pl!,,n,ml,,rl,m

seems to l_e the time ofvneasurement. A variety ofstu(lics
have devnm_strated elevatimm in serum CK and other en-

zymes anywhere frmn irrnnediatelv post ex('r('ise to 1 .l d

later (15), with a peak reslmnSe rep_rled to occur be-

tween 3 and 16 h post exercise. Whih" we found vm sig-

nifi('ant changes frmn rcsiintr, xahn's, we did observe a

peak elevatiml immediately post excr('ise for CK and the

(_thcr enzvn.'s _ith a return to baseline within the first

lmur (Table 3). This change in setran enzyme activity.

however, is probably ac('mmted for by the hemoc(mcen-

tration. Four to 6 h Imst exercise, long after" Iluid redis-
tributi,m stm,,hl ha_c _mcmrcd. there was another non-

si_uifir'an! rise in CK. The true post-exercise peak vuav

have elnded ns. Indixidual x ariabilitv in v-ate of enzymatic

response makes quanlifi('atiml _f time to peak r('sp(mse

(iifl_cnh when discrete saml)h' limes must be chosen,

Myhre et al. (22) suggested lhat I.DII activity in the

sernm mav be a better indicatiml of intravascular hem-

nl.vsis than ltapt, lncveased I31II ac'ti_ity has hcen o|)-

served in patients with c'or(marv heart disease (3(I) and

in normal in(livid,uds f-lhmine: exercise (21.27). We were

un:ddr, to snhst:lwlhde this be('a.se the 1WT increase in

1,I)I1 post ex,'v'ci_' ;q_pears t,_ I)e a('cmvntcd for by hem-

ocon('ent ration.

S(:()T ha_ l.'en sut_.('sted as a l)ositi_ (" indicator (If Ill("

slress (,f I)hv_i('al a('li_ il,. traininff, (:_()); hmvever, we found

tm si_:nifivant c'han_es (,f S(;OT as a vesuh of maximal

exercise or as a Ihctor (d" fitness or sex.

Physieal fitness. An important finding of this research

is the significantly lmver llapt lexcls exhibited by our

hie:h-fhwess snbjc('ts throngh.nt the study (Figure 1).

These lower vet ('lini('allv m)rmal ltapt levels cmd(t, of

cnnrse, bca result of _enetic dispnsitim_. [h)wever, de-

pressed llapt h, vels are consistent with live vnechanical

hevnolvsis which ('ouhl occnr with th(' reg, dar strenmnvs

exercise repov-ted hv m,r high-fitness grmlp. ",Vhile we

did not quantify daily l)hysical aclivily, ea('h subject was

asked not t_ alter his/her activity s('hcduh" between the

time they were classified as I,igh- or hm fitness and the

date they wcrv l)('inR tested. _,_,'("assuvne, tlmrefore, that

no abrupt ('haut_es in a('tisitx outside Ihe laboratory in-

terfered with the pr_to(,ol.

In addition to (liffcren('es hetxveeu fitness groups, rest-

in_ ttapt levels wer(' signifh'awtly an(I n('Ralively ('orre-

lated with aev(d)i(' capacity (v'= -(I.61) for the comhined

gronp of m,', and women. When Ill(' data wevc separated

by sex, we fmmd the men had a llapt-t_ {'_)_..... c'orrelatim_

of -0.76 and the women a c'orr(,laliow ofmdy -1L37.

This is consistent with a relati()nshi !) hetxveen lhq)t levels

and lean body mass. The rclatixelv larger musch' mass of

the men may prmirle a larger Imlential sit(' for mechan-

i('al hcnmlvsis. Avmth,.r exldanati(m may be dim t() the
facl lhal lh,' hivh filt.,ss men in r,ur sluclv _r('l'(" more

highly trained lh:m the hit,.h fitness _sovnen. Three of the

lfi_.,.h I'itnes_ m,'n _ere aMix_'l,, trainiw_ fro" vnavalhon dis-

t:)nr'es, _hib' th,, nms! fit x_.vn_'n were ruvmint_ shorter



distancesor involvedin other activities stteh as compet-

itive water ski|hR.

Sermn enzyme activity following maximal work was

only moderately related to 9('>2..... (Table ,I). These data

do not a_ree with those shldies (3,25) whie|l reported

that the serum concentration of muscle enzymes varies

inversely ,,vilh maximal aerobic capacity or that the trained

individual compared to the untrained individual has lower

post-exercise serum CK levels (1.5,23) with earlier peak

rises ('23). We were unable to confirm this and suggest

that muscle enzyme release is a diffuse mechanism only

adequate to assess extreme muscle tramna well beyond

levels experienced in a cycle ergometer test fi)r aerobic

capacity.

In this sh,dy we have demonstrated that serum Hapt

levels-but not serum levels of the enzymes CK, LDH,

and SGOT--differ between high-fitness and low-fitness

groups of men and women and, therefore, may serve as

MEDICINE AND SCIENCE IN SP()tl]'S ANI) EXEIt(]gE

an index of physical fitness. Becavse serum flapt h'xcls

did not change significantly fidlowin_ a bruit .f ma_h.zd

exercise, a |)aseline llapt sample vni_ht serve as au iw

dicalor of regular rhythmic at'fixity and fitness (Fib.r(, ?.

and Table 4). As our |li!_h-l]hlcss sub.iccts were all iu

volved in regular programs of exer<'ise, it is possible that

Hapt is an indicator of chronic aclivitv ralhcr than (ff

illness. Flnrther research is nt,(,dcd on the uelati_mshil_ _1

ttapt Io maximal aer.bie eapacily or phase of physical

training.
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